Background & objectives: Chronic pancreatitis (CP) and liver cirrhosis (LC) are common gastroenterological disorders but their co-incidence is considered to be rare. This study was designed to identify lifestyle factors that are associated with the development of concomitant LC in patients with CP. Methods: In a retrospective case-control study between 2000 and 2005 122 patients with both CP and LC and 223 matched control patients with CP and no known liver disease were identified in 11 European university medical centers. Another 24 patients and 48 CP controls were identified in the period between 2006 and 2012. Results: Alcoholism was most commonly regarded as aetiology for both CP (82.2%; 95% confidence interval (CI): 75.0e88.0%) and LC (79.5%; 95% CI: 72.0e85.7%) as compared to controls with CP only (68.6%; 95% CI: 62.7e74.1%). The preferred type of alcoholic beverage and pattern of alcohol intake were the only significant lifestyle factors in multivariate analysis. Frequency of alcohol intake (p ¼ 0.105) and smoking status (p ¼ 0.099) were not significant in bivariate analysis and dropped out of the multivariate model. Recurrent and chronic pancreatic pain was observed more often in patients with only CP, whereas gallstones were more common in individuals with both chronic disorders. Conclusions: These findings indicate that certain lifestyle factors might be important for the development of concomitant CP and LC. More studies will be needed to identify additional genetic and environmental factors underlying this association.
Introduction
Although chronic pancreatitis (CP) and liver cirrhosis (LC) are quite frequent gastroenterological disorders that share common risk factors, the co-incidence of both diseases is considered to be rare [1, 2] . Clinical studies reported a co-incidence of cirrhosis in around 12.5e17.0% of patients with CP [3, 4] and a co-incidence of CP of 6.6e16.0% in patients with LC [1, 3, 5] . Mostly alcoholism was an underlying etiologic factor [1, 3, 4] . Some studies with smaller patient numbers showed an even higher association of both diseases with up to 38% concomitant chronic pancreatitis in liver cirrhotics [5, 6] . However, in a recent study in patients who underwent liver transplantation -mostly due to alcohol related liver diseasesprevalence of CP was only detected in 3.8% of the cases [7] . Autopsy studies showed a markedly higher co-incidence of LC in individuals with CP and a history of alcohol abuse with a range of about 18e39%. These numbers were even higher when all liver diseases including hepatic steatosis were included as a co-morbidity of CP [8, 9] .
Most clinical studies require histology for definite diagnosis of LC. Since pancreatic histology is rarely available, findings of imaging methods including endoscopic retrograde cholangiopancreatography (ERCP) as an invasive procedure or exocrine pancreatic functions tests were often used for the diagnosis of CP. Recently the German guidelines on chronic pancreatitis evaluated the significance of different imaging tools such as transabdominal and endoscopic ultrasound (EUS), computed tomography (CT), magnetic resonance imaging (MRI), cholangiopancreatography (MRCP) and ERCP for diagnosis of CP [10] . Endoscopic retrograde pancreatography (ERP) was long considered to be the gold standard using the Cambridge Classification that meanwhile has been adopted for other non-invasive imaging methods [11] . Due to its higher risk for complications ERP is increasingly replaced by alternative non-invasive imaging procedures unless interventional procedures are necessary [10] .
Expectation of a high co-incidence of CP and LC is justified, since both disorders share common risk factors and respective pathogenesis shows similarities in both organs. Both CP and LC are irreversible inflammatory disorders that are characterized by parenchymal cell degeneration, extra-cellular matrix proliferation [12] with development of fibrosis and inflammatory cell infiltration. Both disorders can also have a biliary [13] or autoimmune [14] pathogenesis. Ultimately, these changes lead to an organ insufficiency with loss of function of both, the pancreas and the liver [15, 16] . Activated pancreatic (PSC) and hepatic stellate cells (HSC) critically contribute to organ fibrosis and both cell types share homologies that make a common origin of this cell type possible [17] . Furthermore, common genetic susceptibility factors for alcohol related liver and pancreatic disorders exist. Alcohol is mainly metabolized in a stepwise process to acetaldehyde and acetate mediated by alcohol-(ADHs) and acetaldehydedehydrogenases (ALDHs) [18, 19] . Variants of the ADH1B (ADH1B*2 allele) and the ALDH2 gene (ALDH2*1/*1) were detected in alcoholic liver cirrhosis and chronic pancreatitis [20] . Recent studies indicate that polymorphisms of ADH3 and variants of carboxyl ester lipase (CEL), a fatty acid ethyl ester (FAEE) synthetizing enzyme involved in non-oxidative ethanol metabolization, might also contribute to either alcoholic CP or LC [21, 22] .
However only 15% of alcoholics ultimately develop LC, 5% CP and less than 1% both diseases [23] . Noteworthy, the majority of heavy alcohol consumers (ca. 80%) remains without any evident clinical abnormalities [6, 23] . Moreover, only a few studies attempted to find risk factors that predispose to either LC or CP, but so far these results are inconclusive. Earlier and heavier alcohol consumption, early onset of nicotine abuse or a lower socio-behavioural status seem to be stronger associated with CP than LC [4, 24] .
For these reasons, we aimed to quantify and characterize the specific subtype of patients with concomitant CP and LC in a multicenter approach. Special attention was drawn to alcohol consumption as a known risk factor for both disorders as well as smoking status, education level and pancreatic pain in patients with both CP and LC compared to individuals with CP alone.
Methods

Design of the study
A retrospective multicenter study was performed at 11 European university hospitals, that consisted of 5 German (DE: Greifswald, Heidelberg, Hamburg, Mannheim, Magdeburg), two Italian (IT: Naples, Turin) and one center each from Lithuania (LT: Kaunas), Finland (FI: Helsinki), Switzerland (CH: Bern) and Norway (NO: Oslo). This study was part of the 4th class of the multinational Pancreas 2000 program organized by the Karolinska Institute and the European Pancreatic Club. The aim of this education and research program is to develop the next generation of pancreatologists to the highest standard of expertise and to build firm networks for the conduction of international projects and studies [25] . Retrieval of data was performed in the same way at all centers. For each patient with both CP and LC two patients with CP but no known liver disease were selected having the same gender and age (maximum ± 2 years). Patients with a history of liver disorder in their medical history, elevated liver enzymes on routine laboratory examination or signs of liver disease on routine imaging, i.e. abdominal ultrasound, CT or MRI were not considered as control patients. Control patients were always recruited from the same university medical center. Patient files from each hospital were screened first for ICD-10 codes for CP (K86.0 alcohol-induced CP, K86.1 CP by other origin) and LC (K70.3 alcoholic LC, K71.7 toxic liver disease with fibrosis or cirrhosis and K74.3-K74.6). All diagnoses found by the ICD-10 screening were revised according to the definitions for CP and LC as described below and only patients that fulfilled the diagnostic criteria were finally selected. In case of multiple admissions archival clinical files were included in order to reduce missing information as much as possible. Patients were not contacted for collection of additional data. 
Diagnosis of chronic pancreatitis and liver cirrhosis
Diagnosis of CP was established using the Mayo-Clinic-Score based on histomorphological, imaging and functional changes of the pancreas [26] . Points from 1 to 4 were attributed to different morphologic and functional features and a total score of 4 confirmed the diagnosis of CP. Presence of either calcifications in any imaging modality (transabdominal ultrasound, endoscopic ultrasound, computed tomography) or unequivocal histologic changes for chronic pancreatitis were sufficient as single parameters for diagnosis of CP.
Liver cirrhosis was diagnosed according to the criteria published by Podolsky et al. [27] . Proven cirrhosis on histology was sufficient for diagnosis. Whenever histology was not available diagnosis was established based on signs of cirrhosis on imaging modalities and symptoms for hepatic decompensation such as ascites, hepatic encephalopathy or portal hypertension.
Patient's medical history
From each patient age, gender and ethnicity were recorded. Where appropriate age of death and, where available, age of first diagnosis of CP and LC were noted as well.
To register the history of alcohol consumption, the daily amount, frequency and duration of alcohol intake as well as the favorite type of alcoholic drink were documented. Pattern of alcohol intake was quantified as either "no intake", "slight (25 g/day)", "moderate (25e50 g/day)" or "heavy (>50 g/day)". If available maximum amount of daily alcohol consumption was recorded. The frequency was recorded using the options "daily", "weekly" or "irregularly", preferred type of alcoholic beverage was either "beer", "wine", "hard liquor" or "other". Preferred type of alcoholic beverage was regarded as the most commonly consumed alcoholic beverages and multiple options were accepted. Alcohol consumption was calculated using standard alcohol content for each alcoholic drink (for beer 5% (alc/vol), wine 10%, hard liquor 40%).
Smoking status was assessed using the items "never smoked", "past smoker" or "current smoker". The total amount was recorded in pack years, defined as the number of cigarette packs multiplied by the number of years the patient has smoked. Demographic questions included education (academic, nonacademic) and body mass index (body weight in kg/(height in m)
2 ). Abdominal pain in chronic pancreatitis was defined as reported by Ammann et al. in either recurrent (type A) or constant (type B) episodes of pain or no pain [28] . Lastly the presence or absence of gallstones was recorded.
Statistical analysis
Data were collected using a Microsoft Excel database. For continuous variables histograms were visually explored and descriptive statistics produced. In order not to impair the matching, missing observations were categorized as unknown and included as a separate category. Conditional logistic regression (clogit command) was used for the analysis of the matched case-control pairs. First each variable was tested for associations with the development of both LC and CP (as compared to CP only). Variables with a p-value of less than 0.2 in the bivariate analyses were included in the main effect model. Backward selection was applied until only variables with a p-value of less than 0.05 remained in the model, which were tested for two-way interactions. Results were given as odds ratio (OR) with 95% confidence interval to show the specific risk for concurrent liver cirrhosis and chronic pancreatitis. All computations were carried out using STATA 13 data analysis and statistical software (College Station, TX, USA).
Results
Overall 146 patients with concomitant CP and LC and 271 patients with only CP were identified in the observation period in our case-control study. In one case at the University Hospital of Turin and in three cases at the University Medicine Greifswald three control patients were matched to one patient with both diseases because the controls were identical for age and gender. In other centers (Mannheim, Magdeburg, Naples) two control patients were not always available and that is why the number of patients with CP is less than twice the number of patients with both CP and LC. Matching criteria were fulfilled for gender for 95% of cases and for age for 77% of cases when targeting a maximum age difference of two years (Table 1) . Although matching criteria could not always be fulfilled, neither gender (p ¼ 0.277) nor age (p ¼ 0.940) were significantly associated with the outcome and thus not considered for further analysis. The majority of patients with concomitant CP and LC were male (CP&LC: 77.4%; CP only: 74.5%) ( Table 2) . Alcohol was the most common etiological factor for CP (both groups) and LC (cases only), but was more commonly recorded as aetiology in case patients for both CP (82.2%; 95% confidence interval (CI): 75.0e88.0%) and LC (79.5%; 95% CI: 72.0e85.7%) as compared to controls with CP only (68.6%; 95% CI: 62.7e74.1%).
Risk factors
Primarily, the focus was set on nicotine and alcohol abuse, since alcohol is regarded to be a common risk factor CP and LC. Secondly, smoking, a frequently observed habit, can aggravate chronic disorders. Descriptive statistics for categorical and continuous variables are shown in Tables 3 and 4 , respectively, and bivariate results in Table 5 .
Smoking status
Median number of pack years was similar in both groups and the number of pack years showed no significant association with the outcome in the bivariate analysis (p ¼ 0.388). There was a trend towards a higher frequency of non-smoking history in patients with only CP compared to those with both chronic disorders (14.4% vs. 10.3%).
Alcohol drinking habits
The median amount of alcohol intake was numerically higher in CP and LC patients (96.0 g/d) compared to controls with CP (60.0 g/ d). The continuous variables daily amount (p ¼ 0.231) and duration of alcohol intake (p ¼ 0.222) were not significant. In the bivariate model, associations with concomitant LC and CP were significant for the preferred type of alcoholic beverage (p ¼ 0.003) and pattern of alcohol intake (p ¼ 0.014) and not significant for frequency of alcohol intake (p ¼ 0.105) and smoking status (p ¼ 0.099) ( Table 5) . It is noteworthy, that some patients had reported more than one preferred type of alcoholic beverage, e.g. beer and spirits. These observations were categorized as 'multiple (preferred beverages)'. Therefore, the odds ratio for wine only refers to those patients who selected wine as the only preferred beverage.
Body mass index and education level
Median BMI was similar in both groups. Neither BMI (p ¼ 0.364) nor education (p ¼ 0.252), subdivided in academic and nonacademic education, showed a significant association with developing CP alone or in combination with LC.
Identification of risk factors in a multivariate analysis
A multivariate regression analysis was performed in order to detect independent risk factors for the co-incidence of CP and LC. Pattern of alcohol intake, preferred type of alcoholic beverage, frequency of alcohol intake and smoking status were included in the main effect model. The OR for CP and LC was 4.5 (95%-CI 1.805e11.078) in patients with preferred wine consumption compared to patients with preferred beer consumption (p ¼ 0.001). For slight alcohol intake in CP&LC patients the OR was 0.273 (95%-CI 0.111e0.674) compared to heavy alcohol intake (p ¼ 0.005) ( Table 6 ).
Gallstones and differential presence of pancreatic pain in pancreatic and liver disorders Presence of gallstones and pancreatic pain both showed strong associations with patients reporting LC and CP combined as compared to CP alone. In patients with both LC and CP the OR was 0.205 (95%-CI 0.110e0.380; p < 0.001) for recurrent pain and 0.178 (95%-CI 0.079e0.402; p < 0.001) for chronic pain compared to absence of pain. OR was 2.25 (95%-CI 1.240e4.062; p ¼ 0.008) in CP&LC patients with gallstones compared to absence of gallstone disease (Table 7) .
Discussion
This study evaluated lifestyle factors, in particular alcohol consumption and smoking status in a cohort of patients with concomitant chronic pancreatitis and liver cirrhosis compared to individuals with chronic pancreatitis alone. In addition the distribution of different subtypes of pancreatic pain was assessed in these patients. Multivariate conditional regression analysis identified the preferred type of alcoholic beverage (wine) and pattern of alcohol intake (slight versus heavy) as lifestyle risk factors increasing the odds of developing liver cirrhosis in addition to chronic pancreatitis.
In general the majority of patients with CP and LC or CP alone were male and alcoholism was found to be the most common etiologic factor for both disorders. However, there was no significant association of consumed alcohol amount per day in that group. This observation is quite surprising when assuming that development of both diseases is the consequence of a heavier alcohol abuse. There are other studies that evaluated drinking habits in patients with LC or CP and could not find differences in the amount of daily alcohol intake, respectively [4, 29] . Patients with alcoholic CP reported their highest alcohol intake during younger years (between the age of 20 and 30 years) and the onset of alcoholism was quite often observed in adolescence [4] . However these studies concentrated on patients with either chronic pancreatitis or liver cirrhosis but did not include a group with both disorders like ours. One underlying reason is the small number of patients who are usually diagnosed with both chronic disorders together, compared to individuals suffering from only CP or LC. Due to the multicenter approach we could overcome this limiting factor and were able to characterize 146 patients with both disorders, which is, to the best of our knowledge the largest study investigating the combination of both diseases. Prevalence of chronic pancreatitis in liver cirrhotic patients is presumably higher than initially expected as a substantial number of patients with alcoholic liver disorders showed concomitant exocrine pancreatic insufficiency and had a diagnosis of chronic pancreatitis [28] .
Bivariate analysis indicated that type of alcoholic beverage and the pattern of alcohol consumption correlated with the incidence of concomitant CP and LC. Wine drinkers suffered more often from both diseases as compared to beer drinkers whereas in patients drinking only slight amounts of alcohol (as compared to heavy intake group) odds ratio was lower for developing both CP and LC. The frequency of alcohol consumption dropped out of the multivariate model. The type of alcoholic beverage as an etiological factor for either acute or chronic pancreatitis has been investigated with conflicting results [30] . Drinking of hard liquors imposes a greater risk for both acute and chronic pancreatitis [31] . Other studies showed that drinking beer predisposes to alcoholic pancreatitis [32, 33] .
Wilson et al. compared drinking habits in patients with alcoholic pancreatitis and cirrhosis and found no significant differences [32] . There was a tendency that patients with alcoholic cirrhosis consumed more wine and less beer. There were no differences regarding drinking patterns (either daily or episodic consumption of higher amounts) between these two groups. In a Japanese study on male alcoholics consumption of high-alcohol drinks (spirits) with an alcohol content of at least 25% was related to alcoholic CP [34] . This observation could not be reproduced in a recent European Bold and italics indicates P < 0.05 is considered to be statistically significant. study that reported a significantly higher number of beer drinkers in alcoholic CP compared to LC. Wine drinkers were more prone to the development of liver cirrhosis, however this was not statistically significant (16.3% vs. 10.6%, n.s.) [4] . Neither bivariate nor multivariate analysis showed a correlation of smoking status with concurrent CP and LC. So far there is a lack of studies investigating both chronic disorders together on this matter. Lowenfels et al. found that smoking was more related to alcoholic CP than to alcoholic LC in a group of male American Indians who had similar drinking habits [35] . These observations were confirmed by a French group, that reported on a higher proportion of smokers among CP patients than alcoholic liver cirrhotics. No significant differences were found regarding the amount of tobacco consumption (measured in g/day) [24] .
Moreover, gallstones were often found in patients with both chronic diseases. However this finding does not imply that gallstone disease predisposes to concurrent LC and CP. The higher frequency of gallstones in liver cirrhotics might be a consequence of the liver disease. An altered composition of the bile including an increased secretion of unconjugated bilirubin with an increased hydrolysis of conjugated bilirubin, and an impaired motility of the gallbladder are discussed as potential underlying mechanisms [36] .
Pancreatic pain is the hallmark and cardinal symptom of CP, which is usually manifested as recurrent or chronic pain that both noticeably impairs quality of life [28] . In our study, the majority of patients with solely CP reported recurrent pain (63.5%) that clearly exceeded other qualities of pain. Patients with both CP and LC more frequently did not have any pain at all. So far data on the frequency of pancreatic pain in subjects with concurrent chronic fibrotic disorders is missing and attempts to explain these observations are limited. One hypothesis could be that pancreatic secretion is often increased in patients with alcoholic LC that leads to a hypersecretory state and reduction of pancreatic juice stasis that finally protects from protein plug or pancreatic stone formation in the pancreatic duct [9, 37] . On the other hand, alcohol itself reduces the function of CFTR in the pancreatic duct leading to decreased fluid secretion [38] . Emergence of pancreatic pain might be prevented by unhindered pancreatic juice flow. The other way, a causative effect of pancreatic pain on liver cirrhosis, is rather unlikely and this relation was not intended to be established in this study. It is likely that presence of pain could be the reason for the diagnosis of CP in those with CP alone while the diagnosis of CP might have been made more often based on investigations rather than symptoms in those with LC and CP. Thus, the type of pain could be more of a reflection of the clinical presentation rather than propensity to develop LC. Here additional studies will be necessary for a more thorough investigation. There are limitations of our study. Due to the retrospective design missing information is unavoidable and we had to leave out other lifestyle factors for multivariate analysis. Despite uniform data collection procedures the portions of missing data varied among the centers, in particular related to the amount of alcohol intake as well as frequency and type of alcoholic drinks. For categorical variables a separate category ("unknown") was assigned if data were missing to allow analysis of the entire data set. Further prospective studies are necessary to clarify the impact of drinking frequency, the type of alcoholic drinks or maximal daily alcohol intake. Furthermore, investigation of smoking and drinking habits as potential independent risk factors is extremely difficult since Bold and italics indicates P < 0.05 is considered to be statistically significant. Bold indicates P < 0.05 is considered to be statistically significant.
Table 7
Multivariate analysis of concomitant symptoms for patients suffering from both chronic pancreatitis and liver cirrhosis (n ¼ 146) as compared to patients with chronic pancreatitis only (n ¼ 271) in a matched multi-center case-control study. these two habits frequently coexist [24] . The role of gallstone disease as a risk factor for developing cirrhosis in addition to pancreatitis or a result of a liver disorder also requires more detailed analysis before it can be interpreted.
In conclusion, the co-incidence of CP and LC was not dependent on daily alcohol intake and smoking in our study. However, the preferred type of alcoholic beverage and frequency of alcohol intake might be related to concomitant CP and LC or CP alone, but further investigations will be necessary in order to confirm these observations. In our retrospective study we didn't analyze the impact of each alcoholic drink in cases when patients drank different types simultaneously. It seems to be very likely that environmental factors alone will not determine whether or not some chronic pancreatitis patients ultimately also develop LC. Future research will have to focus on underlying genetic factors and the biochemical effects of stellate cells that play a role for the pathogenesis of both diseases.
